In recent years, the importance of interdisciplinarity has been realized in the field of education, particularly to prepare students faced with practical real-world problems by mixing disciplines such as science, technology, engineering, and mathematics, an approach known as STEM. While this approach may provide a great opportunity in terms of enhancing creativity and collaboration, potentially more rewarding interdisciplinarity may be provided by the interconnection between STEM and arts-related areas. The present paper relates several interdisciplinary (i.e., the interconnection between science and arts by applying mathematical or algorithmic methods to artistry) education cases that have occurred in the last several years. More recently, with an enormous increase in the amount of data and the increasing speed of computing technology, data and artificial intelligence (AI) based approaches have been used in the stock market. Stock investment education based on simple AI-type algorithmic procedures is also described. In particular, it is significant that most participants had little or no previous experience in stock investment and limited knowledge of algorithms and mathematics, yet abundant business and market intuition combined with simple procedures resembling AI produced fruitful and interesting results.
Introduction
Recently, there has been significant interest in the area of interdisciplinary education called STEM (science, technology, engineering, and mathematics) (Bybee et al., 2010; Brown et al., 2011) (also see (Lattuca, 2001; Benjamin et al., 2014; Lindsey, 2014; van Noorden, 2015; Brown et al., 2015; Rylance, 2015) ). The effort was initiated in order to solve real-world problems (Johnson, 1999; O'Grady, 2012; Ledford, 2015) , and the approach is appropriate and reasonable since practical problems often require not only a single discipline of expertise but also a collaboration of multiple fields. This type of education may help students to appreciate, learn, and collaborate with disciplines outside of their own major or interests.
Moreover, interdisciplinarity encourages students, particularly in the fields of basic science and mathematics (i.e., rather than in an applied field such as engineering or technology), to apply and practice their techniques in the real world, which has not usually been the case in the past. Figure 1 . AI vs. Human: STEAM education is an interdisciplinary study involving science, technology, engineering, the arts, and mathematics. Initially STEM (AI) was pursued in order to solve real-world problems, and an arts and design approach (Human) was added more recently.
This approach breaks a previously existing chain in which students had to practice basic science first, then applied science, and then could finally move on to industrial or commercial application; instead, the direct application of basic science in the world can now be realized more actively. There have been indications of this trend of basic science commercialization with the application of various mathematics and physics techniques in the fields of data science (Nagatani, 2002; , security and cryptography (Ekert, 1991; Gisin et al., 2002) , finance (MacKenzie, 2001; Johnson et al., 2003) , and so on. STEM will certainly be helpful for students of basic science in terms of job prospects by providing them with diverse options.
However, a drawback of STEM education is that while the approach is worthwhile, the interconnection among these fields is relatively already well established. For instance, it is difficult to imagine the discipline of engineering without a mathematics and science background. Recently, a number of proposals have been made (Yakman, 2008; Jolly, 2015) to add an art or design approach (Kramer et al., 2000) into the program, and STEM then became known as STEAM (Connor et al., 2015; Song, 2017) (Fig.1) . Nevertheless, it can be seen that while the interdisciplinarity between STEM and arts-related fields may be interesting, it appears to be rather difficult to practically implement in education. However, this new educational approach would emphasize imagination and creativity as opposed to traditional discipline and training, which experts in each discipline may not necessarily have but which relative novices, such as students who are still in the middle of training in their respective discipline, may possess. Therefore, interdisciplinary study between STEM and the arts may provide new opportunities in terms of enhancing creativity, imagination and collaboration. It is the objective of this note to discuss some cases in this endeavor that were conducted in the last few years.
Science, for example, in the case of physics, has often developed in the past based on mathematical modeling of a natural phenomenon that can then make experimental predictions. However, in the case of the arts, unlike nature (Strictly speaking, the arts is part of nature, and, therefore, if nature can be predicted, then the arts should be predictable as well), this type of deterministic prediction based on mathematical modeling would be difficult and likely impossible, suggesting then probabilistic and statistical approaches to be more useful and realistic. However, as mentioned earlier, because the connection is relatively immature (i.e., compared to the interconnection within STEM), complicated or sophisticated statistical or probabilistic techniques may not be necessary and will also require more imagination and creativity. Indeed, this is the correct prerequisite for an interdisciplinary project in education.
Order and Randomness
In order to recognize the probabilistic aspects of artistry, let us consider an illustration in the case of music: there have been numerous active interactions between music and mathematics. In particular, in the realm of music composition, the heavy involvement of mathematical structures has been noted, including rhythm and harmony as well as physical sound characteristics such as frequency and amplitude (Garland et al., 1995; Wright, 2009; Loy, 2011) . To review the advancement of music in terms of order and randomness, let us consider Beethoven's fifth symphony. It is regarded by many to be one of most renowned symphonies of all time. This particular symphony has a main theme with which many are familiar, and the theme repeats throughout the piece. These repeated musical phrases often come to mind when this symphony is mentioned. As a more recent example, we might consider Rachmaninoff's second piano concerto. In the case of Rachmaninoff's music, the melody is not as apparent as it is in Beethoven's fifth symphony. One may question what has changed or even advanced between Beethoven's fifth symphony, which was composed in 1808, and Rachmaninoff's music from the early 20th century. One change is that the melody has evolved to become less obvious or apparent. In the case of Bartók's or Schönberg's music from the 20th century, it is difficult to find any melody at all, especially in comparison to the music of Beethoven or Rachmaninoff.
When a scientific perspective is adopted, one way to think about the melody is to consider it as musical order. In the case of Beethoven's symphony (1808), the pattern is highly ordered. In the case of Rachmaninoff's second concerto in 1901, this order or apparentness diminishes, and disorder or randomness increases, compared to the music of the previous era. In the case of 20th-century music (for example: Bartók, piano concerto no. 3 (1945)), less order is apparent, and disorder grows and eventually dominates. Thus, a more highly ordered or more complicated musical eISSN 1303-5150 www.neuroquantology.com pattern may be considered to originate from a higher level of randomness or disorder (Fig. 2 ).
There is a melody, or order, in more recent or advanced music, although it often takes time to find because it involves a more complicated order. Thus, a higher level of order or more complicated rules arise from increased randomness. If we consider the melody from a perspective of order and randomness, the present discussion is one way of examining it. In other words, the development of music can be studied throughout these three eras according to the following concept: increasing randomness leads to a more highly ordered pattern. 
Interdisciplinarity and Arts
Before the 20th century, in physics, deterministic theory was considered to be fundamental. However, with the introduction of quantum theory (Peres 1997) , the understanding of nature with its probabilistic outcomes as well as subjectivity involving the measuring observer as an integral part of the theory was established. Moreover, as discussed in the previous section, the advancement of complexity in music also implies that a model with probability, approximation, or subjectivity might in fact be more fundamental and advanced. Indeed, it is ironic that by pursuing an objective pattern to its limit, as is seen in physics, subjectivity eventually emerges and dominates, as is seen in quantum theory (Song, 2012) . In order to discuss this point in terms of interdisciplinary education between science and the arts, we consider project cases that were conducted in 2013 and 2014 at the Korea University of Technology and Education by undergraduate computer engineering major students. In the first case, a group of students (Eou-Su Shin, Chang-Ju Ahn, Soon-Je Lee, YoonYeol Pyo) decided to create an algorithm to evaluate paintings, raising the following two questions: why would anybody want to numerically evaluate the arts, and is art not about human intuition and instinct rather than a machine-like algorithmic procedure? There are at least two advantages in studying the objective evaluation of artistry in paintings. First, the objectification of something previously considered to be subjective can help students to imagine the limitations of the scientific analysis of artistry, possibly helping reveal human instinct and intuition that exists uniquely in artistic work. Second, the objective or computational evaluation of artistry may help to unearth notable unknown art work. Often, it has been the case that now venerated art has only been recognized long after the death of the artists who created it. While this scenario lends a dramatic effect to the back story of the art, it is unfortunate for many talented painters as well as for the audience of their work.
The students in this case attempted to analyze the paintings by extracting each pixel's red, green, and blue (RGB) color. Based on this extraction, they attempted to evaluate the warmth and coldness of the given painting. Although this analysis by no means provided a complete evaluation of the artistry of these paintings, the novelty of the objective algorithmic approach to this seemingly insurmountable task is that this approach is buildable, i.e., the next group can build and improve upon the previous approach. In fact, science developed in a similar manner when the laws of the nature were discovered. Secondly, this approach is useful for evaluating a large number of paintings using a computing technology that has become widely used in recent years with the development of big data (McAfee et al., 2012) and machine learning (Michie et al., 1994; Murphy, 2012) methods.
Another project connecting STEM with the arts involved analytically approach movies. Currently, making movies costs a significant amount of money. Moreover, the movie business is highly risky because, while the initial cost is high, the output, i.e., the gross income of the movie, is uncertain. One group of students (DoYoung Kim, Woo-Jin Cho, Chul-Hong Lee, Dae-Hee Kim, Sam-Sol Han) hypothesized that if the gross income of a movie could be predicted, it would benefit many involved in the business. They considered directors, actors and actresses, production companies, ratings, genre, and so on to predict gross income. One of the novelties of their approach is that this type of algorithmic method may help to provide opportunities for relatively unknown but talented directors, actors and actresses, and so on. Due to the risks discussed above, investors tend to prefer to work with wellknown people, lessening the amount of opportunities for newcomers. However, using an algorithmic approach to predict the outcome of a movie's success may help to objectively evaluate success while also minimizing prejudice.
Another important factor in a movie's success is the plot. In another case, students (Kwang-Shik Shin, Byung-Kwan Choo) attempted to create an algorithm to evaluate movie scenarios. Again, this was a formidable task, yet they approached it with simple and realistic procedures. They attempted to numerically evaluate the dramatic level of the story and to determine if there was a theme or message in the story, if the conclusion was clear, and, finally, if the plot was accessible to the general public. Rather than directly analyzing the entire plot, they attempted to analyze the synopsis, which is an abbreviated version of the plot. They then applied this approach to previously released movies with regard to gross income to examine the validity of the established algorithm.
The earlier cases discussed involve the algorithmic analysis of work that was previously considered abstract. However, using the scientific method to enhance capacity in the arts may also work to attain the same goal. In another case, a group of computer engineering majors (WonHyung Kim, Tae-Yong Kim) were interested in music and often composed music as a hobby. In particular, one student in the group frequently composed music using a computer program. The group decided to use algorithmic procedures in music composition in addition to the composition software they were already using. They attempted to analyze the chords and beats per minute (BPM) of popular music from the 1980s to the present and learned that in the 1980s, many popular songs used three to four chords, but, presently, all seven chords are often used in popular music. Based on this analysis, they attempted to compose music that could become popular in the present day. Their approach is interesting in the sense that, although they were engineering students, they used their analytical skills to predict the popularity of music. Moreover, there is often a misconception that the analytical or scientific analysis of artistry may diminish the intuition or human abstraction involved in artistry. However, the exact opposite may be true in that converging science with the arts may enhance the unique human artistry involved, as shown in this case.
AI and Manual
There has been an active interaction between mathematical science and financial markets (Pliska, 1997; Karatzas et al., 1998; Johnson et al., 2003) . Indeed, complicated mathematical methods, including the Black-Scholes model (Black et al., 1972) , have been employed in the analysis of financial markets. However, heavy mathematics or algorithmic procedures often were thought to hinder the business instinct or intuition. More recently, with the explosive increase of data on the internet (McAfee et al., 2012) and ever-faster computing power, there have been a number of approaches bringing data analysis (Nagatani, 2002; Mattmannn, 2013) (also see (Michie et al., 1994; Kaastra et al., 1995; Bahramirzaee, 2010; Murphy, 2012) ) to the stock market (Quah et al., 1999; Barber et al., 2000) . In the following, we report the stock investment education study that was conducted in 2015, in which a simple and easy method was used without relying on heavy mathematical equations or complicated algorithmic procedures. In fact, the methods were performed by business major students who had relatively little background in math or programming but lots of businessoriented intuition and instinct.
The study was run during the fall semester of 2015 at Chungbuk National University to mostly second-and third-year business (management information systems major) students taking a programming language class. The class was designed to teach basic elements of the C language, but alongside the traditional lectures on the computer language, the stock investment projects were conducted. There were 50 students and four students were in each group, totaling 12 groups (unavoidably, there were two five-student groups). During the 16-week semester, four groups presented their results each week and eventually each group had a chance to give their presentation four times throughout the semester.
The first presentation was given in the third week, and two initial weeks were spent to pick their first choice. The rules of investment were as follows:
1. At each presentation, a group could pick one company listed on the technology sector of NASDAQ (there are more than 400 listed companies). 2. Each group starts with (an imaginary) $10,000 at the beginning. 3. The group is allowed to choose only one company (for instance, if Apple (AAPL) is chosen at $93, then the full $10,000 should eISSN 1303-5150 www.neuroquantology.com be used, therefore buying 107 shares with $49 carrying as cash). The price of the stock should be the price on the day of presentation. 4. The stocks are kept (meaning, not sold) for 3 weeks; that is, until the next presentation. When sold, the group buys the next company's stock with the amount left from the sold price plus the cash that was carried from the last presentation. For example, after three weeks, the Apple stock is $94, so $94*107 shares plus $49 of cash would bring the total to $10,107. The group will choose the next company with $10,107. 5. When choosing the company, the group cannot pick the same company again, nor can they choose a company that was previously chosen by another group, since there are 12 groups and each group gets to choose three companies, totaling 36 companies. This was easily accomplished since there are over 400 companies in the NASDAQ technology sector. The reason for this restriction was that students tended to pick well-known companies such as Google, Facebook etc. Students were expected to be more aggressive and take risks.
The students were instructed to choose the company based on data analysis of algorithmic procedures as follows.
The students were sophomores and juniors in the management information systems department of the business school, and their background in mathematics was at the pre-calculus or introductory calculus level and, for many, it was their first programming class. Therefore, their math or programming skills were not as technical as their peers in science and engineering. However, their business intuition and motivation were strong and solid. Since the purpose of this stock investment was to use data analysis and algorithms, they were instructed to imagine a manual, one that is as precise and specific as possible. For instance, when making a pizza following an exact and specific manual, the taste of the pizza would be the same regardless of who made it. This is the case with pizza chain restaurants that strive to keep the taste practically the same regardless of the location, as opposed to homemade pizza, where the taste would change from one household to another.
With this example, they were instructed to come up with a manual for choosing a company based on the data available on the internet, in such a way that whoever chooses the company would end up with the same company pick by following the established manual. In that way, students were practically making an artificial intelligence-type algorithm of stock investment without relying on heavy mathematics, algorithms, or even large data processing software (they used only Microsoft Excel). In regards to making an investment manual, they were instructed to consider both a traditional factor, such as the profit, capital etc., and a non-traditional factor (i.e., something that is generally considered to be irrelevant to the stock price, such as if the company is located near the sea etc.). The reason behind the consideration of both the traditional and non-traditional factors was to optimize the advantage of being a novice in stock investment and maximize the previously undetected opportunity by experts (Fig. 3) . Figure 3 . Advantages of the proposed education model: it maximizes objectivity while minimizing the subjective element, thereby making it a good fit for an AI-based approach. The procedure is simple (i.e., no complicated mathematics or algorithms are required). Finally, the method is beginner friendly: the procedure may work even better for students without much experience, therefore less prejudice, in stock investment.
Stock Investment Cases
Let us now consider some cases that were performed by students. One group of students (Young-Kyu Kim, Su-Min Kwon, Nan Lee, Eun-Ji Kim) considered some interesting factors in their manual or algorithm. In the first trial, they were relying on more traditional factors such as stock fluctuation rate per share, technology trends, and the world market share etc., and chose Facebook (FB). However, for the second and third trials, they considered an unusual factor: the stock price movement from a year ago. Surprisingly, they found a better than 80% of match between the price movement a year ago and the current case. That is, if the stock went up (or down) during the three-week period a year ago, 80% of the time the same stock also would go up (or down) in current year. With this new non-traditional and counterintuitive factor added to their manual, they chose Electronic Arts (EA) and Seagate technology (STX) for the second and third trials, respectively. Starting with $10,000, they ended up with $10,150. The profit was a moderate 1.5%, but their approach was quite innovative, creative, and interesting.
Another group of students (Mi-Sun Kim, Hyun-Hee Song, Min-Ji Ahn, Da-Ihn Lee) followed both conventional and non-conventional approaches. First, they picked 20 companies out of Fortune magazine's top 500 companies listed in the technology sector of NASDAQ.
Putting particular emphasis on stability, they considered the beta number, which is related to stability, and the total cap of the company and chose Oracle (although their first choice was Facebook and second was Apple, both were already taken by other students). Their consideration of nontraditional factors was interesting. They considered the notion of the 'Matthew Effect', which, in the case of sports, refers to the performance difference in terms of the young athletes' birth month in the year due to relative age. They factored this into their algorithm and searched CEOs' birth months and attempted to sort this information out based on these criteria. It was eventually abandoned in their manual but the creative and aggressive attempt was well worthwhile.
Another interesting case was done by another student group (Sung-Nyun Kim, Jin-Yong Park, Seung-Woo Lee, Jin-Wook Lee). This group also started in a similar fashion to other students (i.e., by considering the usual factors to find companies with low debt ratio and high total capital), and chose one company but lost almost 10%. Because of this loss, which was not very common among other groups who were making profits as opposed to losing money, they decided to be a bit bold and take risks. They considered factors including the price-to-earnings ratio (PER) and looked for stocks that gained value dramatically in recent days or weeks. They finally chose CRAY Inc. (CRAY), and after three weeks the stock price went up drastically. In the end, the group had a 50% profit in total, which was the highest in the class.
It is noted that the evaluation of the performance of the manual, which was emphasized at the beginning of the class, was based on two aspects with the first one carrying more weight than the second one. The first factor was how well the manual is made objectively based on data and how well subjectivity is minimized in the algorithm, while the second aspect was the actual amount of money that would be left at the end of the three trials. The reason for the higher emphasis on the first factor was due to the fact that actual stock price movement prediction often depends on sheer luck, especially as the investment of each trial were carried out only in three weeks. Therefore, particularly for educational purposes, the actual process of using data and making an objectified manual was considered to be more important than the actual money that would be left after the investment.
Remarks
In this paper, we have discussed the interdisciplinary education of connecting science and engineering with artistry. In particular, analyzing artistry in terms of algorithmic procedures not only helps science students with the arts but also helps in understanding the human instinct or intuition believed to be present in artistic works. As shown in quantum physics, in which the fundamental limit of objectivity yields the domination of subjectivity, algorithmically and technically analyzing artistry may help in understanding human nature conveyed through artistic works.
The presented cases of stock investment education based on data analysis provide an example of a curriculum that can be implemented at the undergraduate (or secondary school) level, regardless of the mathematical or computer background of students. Moreover, the proposed AI-type approach provides an actual experience of investment rather than a book-oriented theoretical approach. Indeed, the reaction from students was impressive and they found the class to be not only a learning experience in the real world of the stock market, but interesting with a lot of fun.
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